Introduction
============

Gastric cancer is the fifth most common cancer and the third leading cause of cancer-related death in worldwide, with more than 900,000 new cases diagnosed annually.[@b1-ott-9-3849] It is a complex polygenetic disease ascribed to the interactions between genetic predisposition and environmental factors. *Helicobacter pylori* infection is the frequent risk factor in more than 65% of gastric cancers.[@b2-ott-9-3849] In early stages, gastric cancer is curable through gastrectomy combined with radiation therapy and chemotherapy and the cure rate exceeds 90%. The routine use of gastroscopic examination and computed tomography scanning has significantly improved the detection of gastric cancer and living standard, and effective strategies on the eradication of *H. pylori* have significantly reduced its incidence in the past few decades. Unfortunately, gastric cancer often reaches to an advanced stage or metastasizes because of no noticeable or unspecific symptom in early stage. Therefore, the prognosis of gastric cancer still remains poor and the 5-year survival rate is reported to be less than 10%.[@b3-ott-9-3849] Despite the fact that great research efforts have been taken in this field, it is still meaningful to explore novel molecular markers and detailed molecular mechanisms contributing to improving diagnostic and therapeutic management of gastric cancer.

Named for *Drosophila* wingless and mouse homolog Int-1 (Wnt1),[@b4-ott-9-3849] Wnt gene family encodes a group of glycoproteins which are evolutionarily conserved across metazoans, and functions in a paracrine or autocrine mode to modulate embryonic development, regeneration of adult tissues, and many other processes in all animal species.[@b5-ott-9-3849] In humans, Wnt/β-catenin signaling pathways are activated upon binding of 19 known Wnt proteins to the corresponding member of frizzled family and co-receptor LRP5/6, resulting in the recruitment of disheveled and destruction of protein complex, the ensuing events prevent degradation of β-catenin and facilitate its accumulation in nucleus, thus to activate transcription of several genes controlling diverse biological processes. In contrast, β-catenin is degraded by proteasome in the absence of Wnt ligands.[@b6-ott-9-3849] On the other hand, it has been proved that mutations or deregulated expression of components of Wnt pathways play critical role in the development of multiple human malignancies.[@b7-ott-9-3849] Therefore, extensive research efforts have been driven at targeting Wnt pathway in cancer drug discovery, albeit many factors have impeded progress in this field, such as abundant number of components involved in Wnt signaling cascade and complex cross talk with developmental processes.[@b8-ott-9-3849]

As a member of Wnt family, Wnt3 was reported to be relevant in hepatic, lung, and colorectal carcinogenesis.[@b9-ott-9-3849]--[@b11-ott-9-3849] In this study, we showed that the expression of Wnt3 was upregulated in gastric carcinomas compared with the normal tissues. Furthermore, we identified that knocking down Wnt3 using small interfering RNA (siRNA) downregulated the gene expression of β-catenin and cyclin D1, halted cell cycle, suppressed the proliferation, invasion, and metastasis, but promoted cellular apoptosis in gastric cancer cells. Our findings indicate that Wnt3 could contribute to gastric carcinogenesis by promoting cellular proliferation and metastasis and may be a potential therapeutic target for gastric cancer.

Materials and methods
=====================

Immunohistochemistry
--------------------

The paraffin-embedded gastric cancer tissues were collected from Pathology Department of Huaihe Hospital affiliated to Henan University (Kaifeng, People's Republic of China). The immunohistochemistry was performed using the following protocol. Briefly, the tissues were incubated at 65°C for 1 hour and rehydrated through an ethanol gradient. The section was boiled in 1 mM ethylenediaminetetraacetic acid buffer (pH 7.5) for 30 minutes for antigen retrieval, and quenched by immersing in 3% hydrogen peroxide. After blocking the nonspecific binding with 5% sheep serum albumin for 30 minutes, the section was incubated with a rabbit anti-Wnt3 antibody (Abcam, Cambridge, UK) (1:1,500 dilution in 5% bovine serum albumin in distilled water) overnight at 4°C, then rinsed three times with phosphate-buffered saline (PBS) and incubated for 30 minutes at 37°C with a drop of secondary antibody. After washed with PBS for three times, the section was visualized with 3′3-diaminobenzidine tetra-hydrochloride, counterstained with hematoxylin. All sections were observed under microscope and images were randomly taken with the same exposure time and light intensity.

Collection of gastric tissue specimens
--------------------------------------

The study was approved by the Ethics Committee of Huaihe Hospital and School of Medicine of Henan University (registration number of the ethics committee: HUSOM2015-015), Kaifeng, and written informed consent was obtained from all patients. Human gastric samples (20 cases) were collected in the Department of General Surgery during surgery on patients with gastric cancer, who underwent complete surgical resection for the disease at Huaihe Hospital between May 2015 and August 2015. The patients were selected based on pathological diagnosis of gastric cancer. There was no evidence of any other malignancies and no history of preoperative anticancer treatment. After each surgical removal, the tissue sample was immediately snap-frozen in liquid nitrogen and stored at −120°C until subsequent analysis.

Cell culture
------------

The MGC-803 and SGC-7901 cell lines were purchased from School of Basic Medicine of Peking Union Medical College (Beijing, People's Republic of China). Cells were cultured in Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12 (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS) (Thermo Fisher Scientific) and antibiotics (100 U/mL penicillin and streptomycin) (Thermo Fisher Scientific) at 37°C in a humidified atmosphere of 5% CO~2~.

Wnt3 knockdown by siRNA transfection in gastric cancer cells
------------------------------------------------------------

Four recombined pGPU6 plasmids that express siRNAs targeting *Wnt3* messenger RNA (mRNA) were constructed (GenePharma, Shanghai, People's Republic of China) and amplified. The anti-Wnt3-siRNAs targeted sequences at positions 337, 714, 981, or 1188 on the Wnt3 transcript. MGC-803 and SGC-7901 cells were seeded into a six-well plate at a density of 2×10^5^ cells per well 16 hours prior to transfection. Cells were transiently transfected with 2.5 μg of each siRNA or control siRNA (siRNA-NC) using lipo-fectamine 2000 (Thermo Fisher Scientific) in serum-free and antibiotic-free medium. The medium was subsequently aspirated and changed with fresh culture medium after 6 hours. After 24 or 48 hours, the transfection efficiency was evaluated by recording images of cells at ×100 magnification from the same visual field under the natural light and fluorescence conditions. Subsequently, cells were harvested and extracted for further analysis.

RNA extraction and quantitative real-time polymerase chain reaction
-------------------------------------------------------------------

Total RNA was extracted from cells after transfection using an RNAsimple Total RNA kit (Tiangen, Beijing, People's Republic of China) according to the manufacturer's instructions. The RNA was quantified using a nanodrop reader and 2 μg of RNA was reverse transcribed to cDNA using the Strand cDNA Synthesis kit (Thermo Fisher Scientific). Briefly, total RNA was mixed with 1 μL random hexamer primer, made up to a 12 μL mixture with nuclease-free water, and heated at 65°C for 5 minutes, followed by chilled on ice. After primer hybridization, 8 μL reaction volume containing 5× reaction buffer, RiboLock RNase inhibitor (20 U/μL), 10 mM deoxy-nucleotide mix, and RevertAid M-MuLV reverse transcriptase (200 U/μL) were added to the RNA and incubated for 5 minutes at 50°C followed by 60 minutes at 42°C. The quantitative real-time polymerase chain reaction analyses were performed using 200 ng cDNA per reaction with SYBR green assay with primer set designed to amplify a 157 bp fragment of Wnt3 (forward, 5′-CCACAACACGAGGACGGAGA-3′; reverse, 5′-CGCCCAGCCACACACTTC-3′), a 183 bp fragment of β-catenin (forward, 5′-GCGCCATTTTAAGCCTCTCG-3′; reverse, 5′-AAATACCCTCAGGGGAACAGG-3′), a 232 bp fragment of FZD7 (forward, 5′-CGCTCATGAACAAGTTCGGC-3′; reverse, 5′-CATGAGAAGGGGAAGGCGG-3′), a 216 bp fragment of cyclin D1 (forward, 5′-AGTTGCAAAGTCCTGGAGCC-3′; reverse, 5′-GTTTCCACTTCGCAGCACAG-3′) or using a primer pair complementary to the human glyceraldehyde 3-phosphate dehydrogenase cDNA (forward, 5′-CCATCACCATCTTCCAGGAGCG-3′; reverse, 5′-AGAGATGATGACCCTTTTGGC-3′) with the following conditions: denaturation at 95°C for 3 minutes followed by 40 cycles of denaturation at 95°C for 30 seconds and annealing and extension at 62°C for 40 seconds. Melting curve analysis (65°C--95°C) was routinely performed to confirm the specificity of primers at the end of the assay.

Protein extraction and immunoblot detection of Wnt3
---------------------------------------------------

Frozen tissue samples and Wnt3-siRNA transfected cells were lysed by radioimmunoprecipitation assay buffer containing 1% Nonidet P40 (NP-40), 0.5% deoxycholate, 0.1% sodium dodecyl sulfate (Beyotime, Haimen, Jiangsu, People's Republic of China) in the presence of protease inhibitor and centrifuged at 15,000× *g* for 10 minutes at 4°C. The supernatant fraction was collected and the protein concentration was determined by the method of bicinchoninic acid assay (Beyotime). Equal amounts of protein extract (30 μg/well) were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Separated proteins were electrotransferred to a 0.2 μm polyvinylidene difluoride transfer membrane and blocked in 5% nonfat milk in 1× Tris-buffered saline and Tween 20 for 1 hour. The blot was incubated with rabbit anti-Wnt3 at a dilution of 1:200 (Abcam) at 4°C overnight followed by horseradish peroxidase-conjugated secondary goat antirabbit antibody (GenePharma) at 1:2,000 dilution. Antibody against β-actin (GeneTex, Irvine, CA, USA) was used as loading control for the experiment. The membrane was then incubated with SuperSignal West Pico Chemiluminescent Substrates (Thermo Fisher Scientific) for 5 minutes and exposed to X-ray films and developed in the dark room. The signal was quantified by densitometry using Gel-Pro Analyzer (Media Cybernetics, Rockville, MD, USA).

Cell proliferation assay
------------------------

Cell proliferation was determined via cell counting kit-8 assay (Dojindo, Kumamoto, Japan). In brief, after transfected with siRNAs, cells in 96-well plate were added to 10 μL of cell counting kit-8 solution and incubated for a further 2 hours in 5% CO~2~ at 37°C. The absorbance was measured at 450 nm with an automated plate reader every 24 hours over 72 hours. The cellular growth curves were generated from the average values in triplicate wells for each group.

Cell cycle and cell apoptosis analysis
--------------------------------------

As the methods described earlier, MGC-803 cells were transfected with different siRNAs for 48 hours. Subsequently, cells were digested with ethylenediaminetetraacetic acid-free trypsin and washed twice with cold PBS. For cell cycle assay, cells were resuspended in 500 μL binding buffer with 5 μL 7-amino-actinomycin and incubated at room temperature for 15 minutes. Prior to analysis, another 450 μL binding buffer and 1 μL annexin-V-phycoerythrin were added in sequence. Cells were suspended with 70% ethanol and kept at 20°C for 12 hours, then incubated with 0.25 mg/mL RNase A for 30 minutes at 37°C and 5 μL propidium iodide at room temperature. After 30 minutes, cell cycle status was assessed with a BD Accuri C6 flow cytometer (BD, Franklin Lakes, NJ, USA) equipped with CellQuest Pro software (BD Biosciences, San Jose, CA, USA) according to the manufacturer's recommendations. To detect the apoptosis, cells were resuspended in 500 μL binding buffer with 5 μL 7-amino-actinomycin (7AAD) and incubated at room temperature for 15 minutes. Prior to analysis, another 450 μL binding buffer and 1 μL annexin-V-phycoerythrin were added in sequence. After 15 minutes, cell apoptosis was analyzed using flow cytometry and data analysis was performed by using FlowJo software (Tree Star, Ashland, OR, USA).

Transwell migration and invasion assays
---------------------------------------

The effect of Wnt3-siRNA on the migration of MGC-803 cells was analyzed using a transwell migration system (Corning Incorporated, Corning, NY, USA). After transfection with siRNAs for 48 hours, MGC-803 cells were digested and disrupted into single cell suspensions, equal numbers of cells (1,000 cells) were plated into the upper transwell chambers in 2% FBS-containing medium and 15% FBS-containing medium was added to the lower compartment of the chambers. The chambers with a pores sized of 8.0 μm were incubated at 37°C in 5% CO~2~ for 48 hours and cells remaining on the upper surface of the membrane were scratched by a cotton swab. The cells migrated through the pore and adhered to the lower surface were fixed with 4% paraformaldehyde for 20 minutes and stained with crystal violet (0.05%) for another 30 minutes before photographed with the microscope.

Wound healing migration assay
-----------------------------

MGC-803 cells were seeded into six-well plates and transfected with siRNAs for 48 hours, followed by scraped with a 100 μL sterile pipette tip to generate two linear regions devoid of cells completely. The plates were then washed three times with PBS and refreshed with serum-free medium, cells were photographed and incubated in a 5% CO~2~ at 37 °C. The cellular migrated distance was monitored and images were taken at 24 and 48 hours under microscope. The length and area of the wound region were measured using Image-Pro Plus 6.0 (Media Cybernetics) and the healing rate was calculated by the equation (width 1 -- width 2)/width 1, where width 1 and width 2 are the width values at 0 and 24/48 hours separately, and the width of wound was the ratio of area to length.

Statistical analysis
--------------------

All statistical analyses were carried out using the SPSS version 11 software (SPSS Inc., Chicago, IL, USA). One-way analysis of variance or two-sided Student's *t*-test was performed to evaluate statistical significance. Error bar for the experiments represents mean ± standard deviation from three separate experiments. A *P*-value of ≤0.05 was considered to be statistically significant.

Results
=======

Wnt3 is overexpressed in gastric cancer tissues
-----------------------------------------------

Emerging evidence has revealed that canonical Wnt pathways play an important role in cellular proliferation and tumorigenesis. In order to determine whether Wnt signaling is aberrantly activated in tumor microenvironment, we examined the Wnt3 protein levels in 20 gastric carcinoma and 20 nonneoplastic gastric samples by immunohistochemical analysis. Wnt3 was found to be overexpressed in gastric cancer samples in contrast to the comparatively lower levels in normal tissues with a statistical significance (*P*\<0.05). Representative sections of Wnt3 expression in tumor tissues and normal ones are shown in [Figure 1A and B](#f1-ott-9-3849){ref-type="fig"}. In a further effort to validate the earlier findings, we measured the expression of Wnt3 at protein levels in fresh gastric samples. As expected, immunoblot detection demonstrated a similar upregulation of Wnt3 protein level in gastric cancer tissues compared with nontumor ones ([Figure 1C and D](#f1-ott-9-3849){ref-type="fig"}). Taken together, Wnt3 is upregulated in gastric carcinoma and may exert a carcinogenic effect in the occurrence and development of gastric tumors.

Downregulation of Wnt3 in gastric cancer cells by Wnt3-siRNA
------------------------------------------------------------

To investigate the effect of Wnt3 on the survival of gastric cancer cells, we took advantage of the convenient siRNA technique to transfect the human gastric cancer cell lines, MGC-803 and SGC-7901. Four Wnt3-siRNA plasmids containing green fluorescent protein tag were used to target different Wnt3 transcript sequences. We first examined whether siRNAs could be transfected efficiently into the MGC-803 cells, as shown in [Figure S1](#SD1-ott-9-3849){ref-type="supplementary-material"}, after 24 hours of transfection, \>70% cells in all groups could be detected under fluorescent microscope compared with the light vision. To evaluate the specificity of siRNAs to the *Wnt3* gene in MGC-803 cells, we performed qRT-PCR and immunoblot analysis. We observed a 50% reduction of *Wnt3* mRNA in the group of cells expressing Wnt3-714-siRNA or Wnt3-1188-siRNA compared with the control group and mock group (only treated with lipofectamine 2000), whereas Wnt3-337-siRNA and Wnt3-981-siRNA had no obvious interference effect on MGC-803 cells and were eliminated in the following experiments ([Figure 2A](#f2-ott-9-3849){ref-type="fig"}). Immunoblot analysis showed a similar decrease in the \~40 kDa Wnt3 protein levels compared with the control and mock groups ([Figure 2B and C](#f2-ott-9-3849){ref-type="fig"}). The previous two Wnt3-siRNAs with more efficiently interfering capacity were selected for further investigation. Furthermore, we found the gene expression of β-catenin and cyclin D1, two crucial components in Wnt/β-catenin pathways, were inhibited when Wnt3 expression was silenced even though there was no change of the expression level of FZD7 ([Figure S2](#SD2-ott-9-3849){ref-type="supplementary-material"}), demonstrating that Wnt3 plays a key role in gastric tumorigenesis through activating the Wnt/β-catenin pathways.

Knockdown of Wnt3 inhibits proliferation of gastric cancer cells
----------------------------------------------------------------

Enhanced cellular growth is one of the most important characteristics of tumor development. We next explored the impact of knockdown of Wnt3 on cellular growth viability of gastric cancer cells in vitro. MGC-803 cells were first transfected with Wnt3-714-siRNA, Wnt3-1188-siRNA, control siRNA or mock, respectively. The cell proliferation assay revealed that there was a significant inhibitory effect on cell proliferation in the two Wnt3-siRNA groups ([Figure 2D](#f2-ott-9-3849){ref-type="fig"}). Microscopic analysis showed that the number of MGC-803 cell colonies formed in the two Wnt3-siRNA groups were significantly decreased as compared with the mock or control transfected ones (data not shown). A similar slower growth rate was also found in SGC-7901 cells transfected with Wnt3-1188-siRNA ([Figure S3A](#SD3-ott-9-3849){ref-type="supplementary-material"}). These results demonstrate that silencing Wnt3 could inhibit cell proliferation of gastric tumor cells.

Silencing of Wnt3 expression arrests cell cycle and induces apoptosis in gastric cancer cells
---------------------------------------------------------------------------------------------

We proceeded to assess the effect of Wnt3 depletion on cell cycle and apoptosis of MGC-803 cells. The flow cytometry was performed to assay the cell cycle distribution of MGC-803 cells at 48 hours after transfection with mock, control, or Wnt3-targeted siRNAs. The results demonstrated that silencing of Wnt3 inhibited cell cycle progression through arresting S/G2 transition, as shown in [Figure 3](#f3-ott-9-3849){ref-type="fig"}, the proportion of cells in G0/G1 phase (Wnt3-714-siRNA for 32.65% and Wnt3-1188-siRNA for 27.03%) after transfection with Wnt3-siRNAs was obviously lower than that in the mock or control cells (42.47% and 44.4%), while on the contrary, a much high percentage of cells in the S phase was found in Wnt3 knockdown MGC-803 cells (Wnt3-714-siRNA for 50.42% and Wnt3-1188-siRNA for 55.73%) than that in the mock or control transfected ones (39.69% and 36.92%). Next, we investigated the impact of Wnt3 depletion on the cell apoptosis of MGC-803 cells using annexin V/7-amino-actinomycin D staining, our results illustrated that silencing of Wnt3 increased number of apoptotic cells relative to the mock or control group ([Figure 4](#f4-ott-9-3849){ref-type="fig"}). Taken together, these results revealed that downregulation of Wnt3 expression arrests cell cycle and promotes apoptosis in MGC-803 cells.

Knockdown of Wnt3 decreases migration and invasion of gastric cancer cells
--------------------------------------------------------------------------

Cell migration and invasion are important properties of tumor metastasis. To determine the effects of Wnt3 on gastric cancer cell migration and invasion, we conducted the invasion assay by using a transwell migration system and wound healing assay through a scratch method. In the transwell assay, silencing Wnt3 confers decreased penetration capacity of MGC-803 gastric cells via the matrigel-coated membrane, in contrast to the control-siRNA and mock transfected cells ([Figure 5A and B](#f5-ott-9-3849){ref-type="fig"}). The results were confirmed using SGC-7901 gastric cancer cells ([Figure S3B](#SD3-ott-9-3849){ref-type="supplementary-material"}). Furthermore, wound healing assay demonstrated that Wnt3 knockdown decreased the migration capability of MGC-803 cells approximately 1.8 times than that of the control or mock transfected ones ([Figure 5C and D](#f5-ott-9-3849){ref-type="fig"}). These results suggest that downregulation of Wnt3 reduced the migration and invasion ability of gastric cancer cells in vitro.

Discussion
==========

Gastric carcinoma is a chronic, complex, and multifactorial disease that results from the interaction among genetic and environmental risk factors at the level of stomach mucosa. Excessive intake of salty or pickled food, smoking, and *H. pylori* infection are thought to be important factors in malignant transformation of gastric mucosal cells and gastric carcinogenesis. The most effective used means for the early detection of gastric cancer is the endoscopy, with a sensitivity ranges from 77% to 84%.[@b12-ott-9-3849] However, relying heavily on operating skills of the endoscopic physicians and higher medical costs limits its convenient application. Serum pepsinogen (PG) test based on the level of PG I and PG I/II ratio is another effective method for the early detection of gastric cancer, especially in combination with barium swallow X-ray examination.[@b13-ott-9-3849] Other functional biomarkers investigated in gastric cancer contain various metabolites of four major biomolecules,[@b14-ott-9-3849] protein biomarkers such as MG7-Ag, Fas, FasL, Reg IV, other molecules in serum such as CEA, CA19-9, CA72-4, and IPO-38,[@b15-ott-9-3849] microRNAs including miR-185, miR-20a, miR-210, miR-25, and miR-92b.[@b16-ott-9-3849] Liang et al[@b17-ott-9-3849] recently found that transforming growth factor-β1-(p-Smad3)-RBP2-E-cadherin-Smad3 feedback circuit may be a novel potential mechanism for malignant progression and metastasis of gastric cancer and inhibition of RBP2 expression may be a therapeutic option to fight gastric cancer.

Previous studies have demonstrated that deregulation of Wnt signaling pathway is found in \~30%--50% of patients diagnosed with gastric cancer and closely associated with a variety of human diseases, including hereditary diseases such as amelia and familiar adenomatous polyposis;[@b18-ott-9-3849] several types of other human cancers such as prostate cancer, breast cancer, colorectal cancer, and melanoma;[@b11-ott-9-3849] Parkinson's disease as well as metabolic diseases including obesity and type II diabetes.[@b19-ott-9-3849],[@b20-ott-9-3849] These findings imply a crucial role for the Wnt pathway in physiological embryonic development and tissue homeostasis. However, questions about the expression pattern of Wnt3 and complete knowledge of its activation in gastric cancer are not well understood yet. In this study, we elucidated the biological significance of Wnt3 in human gastric cancer. It is interesting to find that expression of Wnt3 protein is increased in gastric cancer from immunohistochemical analyses and patient fresh samples compared with control groups; similar results were also observed in gastric cancer for other Wnt family members including Wnt1, Wnt2/2b, Wnt5a, Wnt6, and Wnt10a.[@b21-ott-9-3849]

Wnt signaling pathways are canonical signal transduction cascades, which play a major role during embryonic development, cellular proliferation, survival, and apoptosis. Wnt3 is one of the fundamental components that recognize and bind the receptor complex to initiate the activation of the pathways. In the status of tumor microenvironment, activation of Wnt pathway by unknown reasons led to the accumulation of β-catenin in cytoplasm. Once entering the nucleus, it engages DNA-bound T-cell factor transcription factors as a transcriptional coregulator and activates Wnt target gene expression such as *AXIN2, SMAD7, CCND1/cyclin D*, and *MYC* to induce the malignant transformation.[@b22-ott-9-3849] In nontransformed hepatic cells, stable transfection of Wnt3 and FZD7 activates the Wnt3/β-catenin pathway and promotes the acquisition of a malignant phenotype.[@b9-ott-9-3849] In trastuzumab-resistant HER2-overrepressing breast cancer cells, expression of Wnt3 also activates this cascade and promotes a partial epithelial-to-mesenchymal transition.[@b23-ott-9-3849] The overexpression of Wnt3 presented here concurred with those published observations and strongly verified that Wnt3 has a crucial function in gastric carcinogenesis and may serve as novel therapeutic target of gastric cancer. However, limited to the fresh gastric cancer samples and medical records, we had no capability to determine the correlation of Wnt3 levels with the clinical staging, pathologic grading, and metastasis of gastric cancer. Future research based on an enlarged number of tissues can elucidate whether Wnt3 transcript levels as well as protein are associated with different clinic pathological features in gastric cancer.

The occurrence and progression of malignant tumors are mainly attributed to the imbalance of cellular proliferation and apoptosis. In the present study, we addressed the question whether the aberrant expression of Wnt3 destroyed this dynamic balance. In order to explore the molecular mechanism, we knocked down Wnt3 using siRNAs in gastric cancer cells. Indeed, our results demonstrated that interfering against Wnt3 mRNA could downregulate its effector molecules including β-catenin and cyclin D1 in Wnt signaling pathway, inhibit cellular proliferation, halt cell cycle in S/G2 phase, suppress migration and invasion abilities of cells, whereas induce cell apoptosis. In line with this finding, studies in breast cancer cells showed that depleting Wnt3 displayed reduced invasiveness and restored growth-inhibitory effects of trastuzumab, which are assumed to be the restored cytoplasmic expression of β-catenin and decreased expression of EGF receptor.[@b23-ott-9-3849] Consistently, knocking down Wnt3 by siRNA in KMS-5 myeloma cells overcame cell adhesion-mediated drug resistance of myeloma cells.[@b24-ott-9-3849] In addition, one recent study has reported that Wnt3 ligand augmented the β-catenin activity of MCF7 cells in a Dickkopf-1-insensitive manner and anti-LRP5 antibody attenuated the activity of Wnt3/β-catenin, inhibited cell proliferation, and induced apoptosis in LRP5Delta-positive MCF7 and T-47D breast cancer cells.[@b25-ott-9-3849] These findings further validated the essential oncogenic function of Wnt3 in the pathogenesis of various human cancers. Therefore, downregulation of Wnt3 could be a promising strategy for the treatment of cancers, even though it remains obscure to what extent an antitumorigenic role of Wnt3 may contribute to the prevention of cancers.

Conclusion
==========

The earlier findings support the idea that upregulation of Wnt3 is a crucial step in the tumorigenesis of gastric cancer. Downregulation or suppression of Wnt3 in gastric cancer cells downregulated the expression of β-catenin and cyclin D1 in Wnt3/β-catenin pathway, halted cancer cell proliferation and migration, induced apoptosis, hence targeting Wnt3 by siRNA technology may be one of the convenient and effective ways for cancer treatment. Further analysis is required to elucidate the changes of more downstream effectors through which Wnt3 promotes the tumorigenicity in gastric cancer. Taken together, it is intriguing to demonstrate that Wnt3 could be a novel therapeutic target for treatment of gastric cancer, and developing new drugs based on targeting Wnt3 may be a potential direction for antigastric cancer therapy.

Supplementary materials
=======================

###### 

Expression efficiencies of Wnt3-siRNAs in MGC-803 cells.

**Notes:** Representative photographs of MGC-803 cells taken at 24 or 48 hours under light vision or fluorescent microscope (magnification ×40), after transfected with control, mock, Wnt3-337-siRNA, Wnt3-714-siRNA, Wnt3-981siRNA, or Wnt3-1188-siRNA.

**Abbreviations:** NC, control-siRNA group; siRNA, small interfering RNA.

###### 

The mRNA levels of Wnt3 effector molecules were downregulated by Wnt3-siRNA in MGC-803 cells.

**Notes:** (**A**) qRT-PCR analysis of *CTNNB1* (β-catenin) mRNA levels in MGC-803 cells transfected with control or Wnt3-siRNAs targeting at sites of 1188. \**P*\<0.05 compared with NC. (**B**) The mRNA levels of *CCND1* (cyclin D1) in MGC-803 cells transfected with control or Wnt3-1188-siRNA. \**P*\<0.05 compared with the NC group. (**C**) The mRNA levels of *FZD7* (frizzled class receptor 7) in MGC-803 cells transfected with control or Wnt3-1188-siRNA.

**Abbreviations:** NC, control-siRNA group; qRT-PCR, quantitative real time polymerase chain reaction; siRNA, small interfering RNA.

###### 

Silencing Wnt3 suppressed the proliferation and migration of SGC-7901 cells.

**Notes:** The SGC-7901 cells were transfected with control or Wnt3-1188-siRNA. (**A**) MTT assays revealed knockdown of Wnt3 significantly inhibited proliferation of SGC-7901 cells, \**P*\<0.05. (**B**) RTCA showed the cell migration ability was obviously suppressed in SGC-7901 cells transfected with Wnt3-1188-siRNA. \**P*\<0.05 compared with the NC group. The migration index was recorded every 15 minutes from 6 to 60 hours posttransfection using RTCA software.

**Abbreviations:** MTT, (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide; NC, control-siRNA group; RTCA, real-time cell analysis; siRNA, small interfering RNA.
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![Expression of Wnt3 in human nonneoplastic gastric tissues and gastric cancer tissues.\
**Notes:** Representative immunohistochemical staining of Wnt3 in human normal gastric tissues (**A**) or gastric cancer tissues (**B**). Magnification ×200. (**C** and **D**) Representative immunoblot of Wnt3 protein expression in human gastric cancer and corresponding nontumor tissues by Western blot analysis, normalized to human β-actin protein levels. Data represent the mean ± standard deviation from ten groups of gastric tissues (normal and cancer). \**P*\<0.05 compared with the corresponding adjacent normal gastric tissues.](ott-9-3849Fig1){#f1-ott-9-3849}

![Wnt3 mRNA and protein expression levels were downregulated by Wnt3-siRNAs in MGC-803 cells.\
**Notes:** (**A**) Representative qRT-PCR analysis of *Wnt3* mRNA level in MGC-803 cells transfected with control, mock, or Wnt3-siRNAs targeting at sites of 337, 714, 981, and 1188. \**P*\<0.05 compared with the nontransfected MGC-803 cells. (**B**) Representative immunoblot showing Wnt3 protein levels extracts from MGC-803 cells transfected with control, mock, or above four Wnt3-siRNAs. (**C**) Densitometry was used to quantify relative Wnt3 protein levels normalized to β-actin shown in B; \**P*\<0.05. (**D**) The proliferation rate of MGC-803 cells transfected with control, mock, Wnt3-714-siRNA, or Wnt3-1188-siRNA over 72 hours. \**P*\<0.05 compared with NC.\
**Abbreviations:** CCK-8, cell counting kit-8; mRNA, messenger RNA; NC, control-siRNA group; qRT-PCR, quantitative real-time polymerase chain reaction; siRNAs, small interfering RNAs.](ott-9-3849Fig2){#f2-ott-9-3849}

![Effect of knockdown Wnt3 on the cell cycles of gastric cells.\
**Notes:** (**A**--**D**) Flow cytometry analysis of cell cycle distribution in MGC-803 after transfected with control, mock, Wnt3-714-siRNA, or Wnt3-1188-siRNA for 48 hours. (**E**): The percentages of cells in the G0/G1, S, G2/M phases of the cell cycle in each group were measured by using the CellQuest Pro software. The values in each group represent the average values from three samples. FL3-A indicates that the fluorescence signal was detected by FL3 channel in FACS analysis.\
**Abbreviations:** FACS, fluorescence-activated cell sorting; NC, control-siRNA group; siRNA, small interfering RNA.](ott-9-3849Fig3){#f3-ott-9-3849}

![Downregulation of Wnt3 by siRNA induces the apoptosis of gastric cells.\
**Notes:** Flow cytometry apoptosis detection of MGC-803 cells after transfected with control, mock, Wnt3-714-siRNA, or Wnt3-1188-siRNA for 48 hours, cells were double stained with annexin V and 7AAD. Lower right: The percentages of living or apoptotic cells in each group were analyzed by FlowJo software (Tree Star, Ashland, OR, USA). The values in every group represent the average from three samples. FL2 and FL3 indicates channels used in FACS analysis.\
**Abbreviations:** 7AAD, 7-amino-actinomycin D; B07 MO, mock; B10 NCO, control; C01 714, Wnt3-714-siRNA transfected; C06 1888-3, Wnt3-1888-siRNA transfected; FACS, fluorescence-activated cell sorting; LL, lower-left; LR, lower-right; NC, control-siRNA group; P1, parameter number 1; PE-A, annexin V positive; Q1, quadrant label; siRNA, small interfering RNA; UL, upper-left; UR, upper-right.](ott-9-3849Fig4){#f4-ott-9-3849}

![Silencing Wnt3 inhibits the invasion and migration of gastric cells.\
**Notes:** (**A**) Representative photographs of stained MGC-803 cells attached to the bottom of matrigel-coated membrane (magnification ×100), cells were transfected with control, mock, Wnt3-714-siRNA, or Wnt3-1188-siRNA for 48 hours separately. (**B**) Both Wnt3-714-siRNA and Wnt3-1188-siRNA suppressed MGC-803 cell invasion in comparison to NC; \**P*\<0.05. (**C**) Representative photographs of MGC-803 cells taken at 0, 24, 48 hours postwound (magnification ×40) after treated with control, mock, Wnt3-714-siRNA, or Wnt3-1188-siRNA. (**D**) Quantification of the wound healing rate at 48 hours postwound by measuring the remaining unhealed area using Image-Pro Plus 6.0 (Media Cybernetics, Rockville, MD, USA). \**P*\<0.05 compared with NC.\
**Abbreviations:** NC, control-siRNA group; siRNA, small interfering RNA.](ott-9-3849Fig5){#f5-ott-9-3849}
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